In Sub-Saharan Africa, 600 million people live without electricity. Despite ambitions of governments and donors to invest in rural electrification, decisions about how to extend electricity access are being made in the absence of rigorous evidence. Using a novel dataset of 20,000 geo-tagged structures in rural Western Kenya, we provide descriptive evidence that electrification rates remain very low despite significant investments in grid infrastructure. This pattern holds across time and for both poor and relatively well-off households and businesses. We argue that if governments wish to leverage existing infrastructure and economies of scale, subsidies and new approaches to financing connections are necessary.
I. Introduction
In Sub-Saharan Africa nearly 600 million people-or 70% of the population-live without electricity (IEA 2013) . This region contains nearly half of the unelectrified households in the world and decisions about how to increase energy access will have major implications for poverty alleviation and global climate change. Yet there is limited evidence on even the most basic patterns of energy demand and the socio-economic impacts of electrification in Africa.
Policy makers, non-governmental organizations, and donors often assume that the majority of the unelectrified are "off grid," or too far away to realistically connect to a national electricity network. The International Energy Agency constructs its World Energy Outlook forecasts using an assumption that mini-grids and small, stand-alone off-grid solutions will be required for 70% of all rural areas in developing countries (IEA 2012) . As a result, there is growing support for off-grid, distributed energy approaches, most of which are best suited for regions without access to grid power. At the same time, the cost-benefit calculations driving large-scale energy infrastructure investments tend to be based on the assumption that "if you build it, they will come." In this view, expanding high voltage distribution networks and building out greater generation capabilities should translate into increased connectivity for rural households and businesses.
In this paper, we present novel descriptive evidence to address both of these assumptions using an original dataset of over 20,000 geo-tagged structures located across 150 rural communities in Western Kenya. Our study focuses on a region in which we would expect to find evidence of rapid growth in rural connectivity. Since 2007, Kenya has experienced a period of economic growth. In addition, the recent push to expand rural grid coverage nationwide has resulted in higher levels of electricity access, particularly in the densely populated counties of Western Kenya. Keeping these factors in mind, we collected rich spatial and economic data in each of our sample communities on the universe of rural structures, including households, businesses, and public facilities, to produce a unique high-resolution dataset illustrating local electrification rates in this region. We are not aware of any other comparable dataset with a similar level of detail in a low-income setting.
3 Using our high-resolution data, we estimate local household and business electrification rates and identify the correlates of household connectivity. We also combine our household-level data with detailed geo-coded information on the local distribution network, in terms of transformers and connection points, to generate relevant statistics on the location or households with respect to the grid. In addition, we create a new distinction between households that are "off grid," meaning that they are too far away to connect to the national electrical grid without significant additional investments, and households that are "under grid," meaning that they are close enough to connect to a low-voltage line at a relatively low cost.
We demonstrate that even in a seemingly ideal setting, where there is high population density and extensive grid coverage, electrification rates remain very low, averaging 5% for rural households and 22% for rural businesses. This pattern holds across time and is observed for both poor and relatively well-off households and businesses. Furthermore, we find that half of the unconnected households in our sample are "under grid," or clustered within just 200 meters of a low-voltage power line. We argue that if governments wish to leverage existing grid infrastructure, subsidies and new approaches to financing are necessary. In regions that have yet to build out grid or off-grid infrastructure, we highlight the need for forward-looking policies that consider household and business demand for connections, as well as potential economies of scale in costs.
Our work is related to the literature that estimates the impact of electrification on development outcomes. Several studies suggest that rural electrification drives improvements in employment, health, agricultural productivity, and education (see, e.g., Dinkelman 2011; Khandker et al. 2012; Kitchens and Fishback 2013; Lipscomb et al. 2013; Barron and Torero 2014) . Additionally, most of the growth in energy demand over the coming decade is predicted to come from low-income countries (Wolfram et al. 2012) . For these reasons, policy makers have begun to view energy poverty with an increasing sense of urgency. The challenge to electrify Africa rapidly while minimizing environmental impacts has led to the formation of high profile efforts to achieve universal energy access, including Sustainable Energy for All, a joint venture of the United Nations and the World Bank, and President Obama's Power Africa initiative. Similarly, there is increasing momentum in the private sector to finance and commercialize off-grid solutions that 4 can provide rural households with enough renewable power to light a room or charge a mobile phone.
While academics and policymakers agree that modern energy is a key input to development, there are fundamental disagreements concerning how best to expand energy access in rural areas.
A number of organizations promote off-grid solutions-such as solar lanterns, solar home systems, and microgrids-over the alternative of existing grid infrastructure under the presumption that these alternatives would be less environmentally damaging. 1 Others remain critical of this approach. For example, The Breakthrough Institute describes it as, "a vision of, at best, charity for the world's poor, not the kind of economic development that results in longer lives, higher standards of living, and stronger and more inclusive socioeconomic institutions." 2 These debates, however, take place in a data vacuum that this paper seeks to fill. We document that there are a number of households in Western Kenya that remain unconnected, even though there are electricity lines nearby. Moreover, the presumption that increasing the number of gridconnected households would lead to environmental damage may not necessarily hold in Kenya, where over 60% of current installed generation capacity (roughly 1,700 MW) comes from non fossil fuel sources such as hydro and geothermal. Furthermore, there are plans to build an additional 5,000 MW of capacity by 2017 of which more than 50% will be comprised of geothermal and wind sources. With its relatively "green grid," it may be possible for Kenya to substantially raise rural energy access without leaning too heavily on increases in fossil fuel consumption.
Our findings also relate to existing work on technology adoption that highlights the importance of social, behavioral, and other factors in influencing take-up of new technologies in Africa (see, e.g., Kremer and Miguel 2007; Duflo, Kremer and Robinson 2011; Jack and Suri 2011) .
However, grid electricity differs from previously studied technologies such as deworming, fertilizers and perhaps even mobile phones in that physical structures must be individually integrated into a wider network-in order to connect to power, there must be an electric line 5 nearby. Furthermore, the interconnected physical electrical network has important economies of scale in terms of cost. When one household connects, it becomes far cheaper for neighboring households to connect, pointing to the existence of a positive externality associated with each new connection. In standard economic theory, externalities provide a rationale for providing public subsidies to achieve socially desirable outcomes. This paper is organized as follows. Section II provides a brief background on rural electrification in Kenya. Section III describes our data collection strategy. Section IV provides a summary of the leading patterns that emerge from our dataset. Section V discusses the implications of our results.
II. Background
In Kenya, rural electrification first became a public priority in 1973 with the establishment of the Rural Electrification Programme, a government plan to subsidize the cost of electricity supply in rural areas. Under this initial setup, rural electrification was the joint responsibility of the Ministry of Energy and its implementing partner, Kenya Power (KPLC), the country's regulated monopoly transmission, distribution, and retail company. 3 Over the next few decades, however, the pace of rural electrification remained stagnant. The cost of grid expansion was prohibitively high and there was a general perception that demand for energy in rural areas was too low to be financially viable.
In recent years, there has been a dramatic increase in the coverage of the national electricity grid.
In 2003, a mere 285 public secondary schools across the country were connected to electricity.
By November 2012, Kenyan newspapers were projecting that 100% of the country's 8,436 secondary schools would soon be connected. This recent big push to electrify rural Kenya began with the ratification of the Energy Act of 2006, which restructured the country's electricity sector and created the Rural Electrification Authority (REA), an agency that would operate independently of Kenya Power, and would be in charge of accelerating the pace of rural 6 electrification. Almost immediately, REA announced a strategy to prioritize the connection of three major types of rural public facilities-markets, secondary schools and health clinics. In the densely populated regions of Central and Western Kenya, where the majority of the population lives, it is widely believed that households are within walking distance of multiple public facilities, although detailed data verifying these claims are lacking. By following this strategy, public facilities would not only benefit from electricity but could also serve as community connection points, bringing previously off-grid homes and businesses within reach of the grid.
By 2013, REA announced that 90% of the country's public facilities had been electrified suggesting that a large share of the population had access to the electricity grid. Despite this success, estimates of the national household electrification rate remain just between 18 and 26%. 4 This gap-between those who are believed to live within range of power and those who are connected to power-suggests that "last-mile" grid connections could be important moving forward.
III. Data collection strategy
Estimates of grid coverage and grid connectivity in developing countries suffer from uncertainty and measurement error. There is a need for better data on the extent to which unelectrified rural households and businesses are truly "off grid," and the barriers to last-mile electrification where grid infrastructure is already present. We examine these questions by first defining a basic spatial unit-what we refer to as a "transformer community"-to include all buildings within 600 meters of a transformer (the distance at which the utilities deem a building eligible to apply for a grid connection). Our analysis focuses on 150 transformer communities that had transformers installed by REA between 2008 and 2013. All of these communities are located in Busia and Siaya, two Western counties that are broadly representative of rural Kenya in terms of electrification rates and socio-economic development. Given the high population density in this region, the potential for rapid rural electrification is high. After defining our transformer communities, we conducted a census of all households, businesses and public facilities to 7 determine electrification status and collect data on observable attributes of each building.
Community selection
In August 2013 local representatives of REA provided us with a master list of 241 unique REA projects, consisting of roughly 370 individual transformers spread across the ten constituencies of Busia and Siaya. Each project featured the electrification of a major public facility (market, secondary school, or health clinic), and involved a different combination of high and low voltage lines and transformers. Projects that were either too recent, or not commissioned, were not included in this master list. 5
In September 2013 we randomly selected 150 transformers using the following procedure: 1) in each constituency, individual transformers were listed in a random order, 2) the transformer with the highest ranking in each constituency was then selected into the study, and 3) any remaining transformers located less than 1.6 km (or 1 mile) from, or belonging to the same REA project as one of the selected transformers, were then dropped from the remaining list. We repeated this procedure, cycling through all ten constituencies, until we were left with a sample of 150 transformers for which: 1) the distance between any two transformers was at least 1.6 km, and 2) each transformer represented a unique REA project. In our final sample, there are 85 and 65 transformers in Busia and Siaya counties, respectively, with the number of transformers in each of the ten constituencies ranging from 8 to 23. 6 Table 1 presents a basic comparison between the sample counties, and all other counties in Kenya, excluding Nairobi and Mombasa, which are entirely urban. In general, counties in Western Kenya tend to have higher population densities with a higher share of rural homes. For example, the population per square kilometer in the sample region is 375.4 compared to the nationwide county-level median of 183.2. The population density of the 150 transformer 8 communities in our sample, however, is lower, averaging 238.1 people per square kilometer.
Sample representativeness
Although population and household density are relatively high, Busia and Siaya are broadly representative of-or lag just behind-other parts of rural Kenya in terms of basic education and income indicators. For example, the proportion of people with a secondary school education is 10.4% in our sample region, just below the nationwide county-level median, and the proportion of buildings with high quality walls (i.e. those made of brick, cement, or stone) is 32.5%, just above the nationwide county-level median. With respect to the number of public facilities (i.e. secondary schools, markets, and health clinics), the sample region has 0.81 public facilities per 1,000 people, which is slightly above the nationwide county-level median of 0.75. Even though the sample region is highly populated, there is a similar density of public facilities compared to the rest of Kenya.
Based on the 2009 Kenya Population and Housing Census, rural and urban electrification rates in Busia and Siaya are low compared to other parts of Kenya, perhaps because these are relatively rural counties. A more appropriate question would address whether our sample is representative in terms of grid penetration. Would the "under grid" observation apply to other parts of the country? By July 2013, REA had identified 26,070 rural public facilities, located across the 46 non-Nairobi counties in Kenya, of which 22,860 were deemed to be electrified. This implied a national public facility electrification rate of 87.7% and a median county-level rate of 88.2%. In comparison, public facility connectivity in our sample region was 84.1%. Levels of grid penetration in Busia and Siaya are therefore similar to those found in other parts of the country.
Data collection
Between September and December 2013, teams of Innovations for Poverty Action (IPA) surveyors visited each of the 150 transformer communities to geotag each structure within 600 meters of the central transformer and to determine whether the structure had a visible electricity connection at the time of the visit. We identified households at the level of the residential compound, which is a unit known locally as a boma. In Western Kenya, it is common for related families to live in different households but share the same compound. In our sample of 13,107 compounds, 29% consist of multiple households. Throughout this paper, we refer to these compounds as households. In each community, we were assisted by local guides to quickly capture basic socio-economic indicators for each structure, such as building quality, household size, and whether there was a known business operating inside the household.
Data visualization
We create a series of maps, presented in Figure 1 
IV. Findings
In this section, we discuss three leading patterns that emerge from our data.
Despite large investments in grid infrastructure, electrification rates remain low even up to
five years after infrastructure has been built.
Extending the grid across rural Kenya has been costly. A typical REA project involves the construction of 11,000 V (11 kV) high-voltage lines, secondary distribution transformers, single and three-phase low-voltage lines, and drop-down lines for last-mile connections. Since these projects are implemented in remote areas, additional costs associated with transportation, surveying and design, and temporary shutdowns tend to be high. In our sample, the median cost of a single REA project is KSh 2.5 million, or $29,548. 7 If we divide the cost of each REA project by the number of transformers in the project, the estimated median cost of each deployed transformer in our sample is $ 21,820. 8 This high cost could potentially be justified if many of the surrounding households and businesses were connected to the grid. 9 The majority of households in our sample region are willing to pay for an electricity connection. Based on a random sub-sample of 265 unconnected households, 55% state that they would connect if the prices were just 30% lower. Nonetheless, local electrification rates remain low, averaging 5.5% and 22.3% for households and businesses in our sample of transformer communities, respectively. 10 By dividing the estimated cost of each transformer by the total number of observed connections-including households, businesses and public facilities-we highlight the degree to which this infrastructure is currently underutilized.
In our sample, the median infrastructure investment per connection is $2,427. Yet if every structure within each transformer community were to connect, this figure would drop to $210.
It is possible that electrification rates are low because the communities we analyze were electrified only recently; connectivity may naturally increase over time. In order to assess whether electrification rates remain low over time, we categorize our sample of transformers by REA project year and compare electrification rates. The REA project year is the fiscal year in which each project was nominated for electrification by the local Constituency Development Fund and funded in the REA system. Typically, transformers are commissioned within several months of being funded. 11
In Figure 2 , we plot average rates for communities grouped by year, with the most recently connected group appearing on the left. Although there does appear to be an increase over time, the overall gain is small. Even for the oldest transformers in our sample, those funded during 2008-09, the average household electrification rate is 8.9%. Selection issues, however, may confound our interpretation of these results. Communities with higher take-up potential may have been electrified first, resulting in upward sloping curves. Yet even if we acknowledge this selection issue, electrification rates remain low.
In our sample of 2,824 businesses, 33.6% are visibly connected to power. In Table 2 , we report the average electrification rate and number of observations for the ten most commonly observed types of rural businesses. There is considerable variation across types. Connectivity is the lowest for small food stands at 5.7% and the highest for barbershops and salons at 63.2%. These differences form a snapshot of the demand for business electrification in rural areas. Barbershops and hair salons cannot operate effectively without power, and given the relatively low cost of related electrical appliances, connectivity is quite high. Surprisingly, connectivity is low for the more energy-intensive business types. Only 13.3% of cornmeal "posho" mills-the business type that is found across the largest number of communities-are visibly connected, suggesting that the majority of millers are still operating diesel motors. Similarly, connectivity for welding, carpentry and workshops is relatively low at 39.2%.
Connectivity is low even for relatively well-off rural households and businesses.
Should low levels of connectivity be attributed to a technical or an economic constraint? On the one hand, since it is technically easier to supply a connection to a building that is close to a transformer, connectivity should be lower for households that are further away from a transformer. On the other hand, the current connection price of KSh 35,000, or $412, may not be affordable for poor, rural households in a country where the GNI per capita (PPP) is $1,730. 12 12 Connectivity should be lower for households with visible markers of poverty, such as lowquality building materials.
In our dataset of over 13,000 households, 76.4% have low-quality walls, made of mud, reeds, wood, or iron, and 23.6% have high-quality walls, made of brick, cement, or stone. For each structure, we use the GPS coordinates to calculate straight-line distances to the central transformer, as well as the nearest distance to any type of connected structure to approximate distances to low-voltage lines. In Figure 3 , we plot locally weighted regressions of connection status on distance to the central transformer for businesses and households with high and lowquality walls. While the likelihood of being connected improves slightly with proximity to the transformer, there is a much larger improvement when households have better walls.
In Table 3 , we report ordinary least squares regression results using connection status as the outcome variable, and distance, wall quality and their interaction as the explanatory variables.
These coefficients are estimated using the regression model where y ic is an indicator variable for whether or not structure i in community c was visibly connected to electricity, d is the straight line distance between the structure and the central transformer (in 100 meter units), w is an indicator variable for whether or not the structure had high-quality walls (e.g. brick, cement, or stone), and λ c captures community fixed effects to account for site-level differences in market status or geography. The coefficients in column 2 suggest that a household with high-quality walls is 3% more likely to be connected if it is 20 meters away than if it is 200 meters away. In comparison, at 200 meters, a household with highquality walls is 22% more likely to be connected compared to a household with low-quality walls.
Nonetheless, connectivity is under 30% for these relatively well-off households, most likely because the majority of these households are still poor. While high-quality walls correlate with being better off, the difference in primary economic activity between households with high and 13 low-quality walls in our sample is not large. Based on a sub-sample of 1,737 households in our transformer communities, 70% of households with high-quality walls list small-scale farming as a primary economic activity, compared to 77% of households with low-quality walls. Taken together, the above patterns suggest that the current connection price is simply too high for rural households and businesses. In ongoing work, we are experimentally varying the connection cost to assess this hypothesis directly.
Half of the unconnected households in our sample are "under grid," or clustered within 200 meters of a low-voltage line, and could be connected at a relatively low-cost.
Taking advantage of the spatial nature of our data, we calculate the shortest distance between unconnected households and the nearest connection point or transformer to approximate the extent to which each household is "under grid." These estimates are conservative. Since our data are limited to the 600-meter circles drawn around each transformer, these are upper bounds on the actual distance because there may be other low-voltage lines immediately beyond our mapped boundaries. In Figure 4 , we plot the density of the 12,001 unconnected households and 1,875 unconnected businesses in our data set using this metric along the horizontal axis.
Although every structure within a transformer community is eligible to apply for a connection, this is not enough to guarantee that an application will be immediately fulfilled by the local utilities. From the supplier's perspective, it is preferable to connect buildings that are no more than a few service poles away from a low-voltage line because the installation costs associated with single, distant connections are much higher. 13 According to REA, service poles are required for every 50 meters of line; three or four service poles would therefore imply a maximum distance of 150 to 200 meters. We conservatively estimate the incremental cost of supplying an electricity connection to a single household 200 and 100 meters away from a low-voltage line to be $1,940 and $1,058, respectively, inclusive of material and transportation costs, as well as a 25% contractor markup. 14 Once connected, households pay the utility an electricity tariff that is structured to cover the cost of additional power generation.
These cost estimates, however, do not account for the significant economies of scale that could be achieved by connecting multiple households along the same length of line at the same time. In Figure 5 , we plot estimates of the cost economies of scale based on the number of connections and the distance to a low voltage line. For example, if two neighboring households were to connect, the above per household costs would fall by roughly 47%, to $1,021 and $580 for distances of 200 and 100 meters, respectively. These households could be located as far as 30 meters away from either side of the line. The average cost does not decrease by 50% because each household would still require its own service line. If six households were to connect, these estimates would drop to $409 and $262, respectively. While we do not have adequate data to estimate marginal costs in a mass connection program, the costs would presumably be much lower. For instance, if we ignore transportation costs and assume that there is no need to build any additional distribution lines, the marginal cost of a single connection would theoretically fall to $80, the cost of a single-service line. Our cost estimates, presented in Figure 5 , are in line with previous work on the costs of rural electrification in Kenya (see, e.g., Parshall et al. 2009 ).
There are no precise estimates of the overall value of electricity to a household. However, if we assume that a connection generates benefits well into the future and apply an annualized interest rate of 12%, then an $80 cost of connection need only generate the equivalent of $10 per household per year in monetary and non-monetary benefits-or 0.6% of the GNI per capita-to be welfare improving. 15 For instance, these benefits could come in the form of higher net profits for household businesses or improved educational outcomes for children. Applying a 200-meter threshold, we find that 47.2% of the 12,386 unconnected households in our sample could be deemed "under grid." These households are clustered together and are, on average, 115 meters economies of scale, using the following assumptions provided by REA: (a) low-voltage single-phase two-wire overhead lines costing $7.06 per meter; (b) single-phase service lines costing $81.92 per connection; (c) transportation costing $1.18 per kilometer for a single lorry traveling over an average distance of 50 km; and (d) contractor costs equal to 25% of all material and transportation costs. Since each truck can carry a maximum of 30 poles, a single vehicle would be sufficient to transport the materials for small groups of neighboring households 600 meters away from a transformer. 15 The Kenya Government Bond 10 year rate was 11.44% in March 2014. away from a connection point. Based on our data, this represents 36,800 individuals who lack modern energy yet live within range of connecting to the grid at a relatively low cost.
V. Conclusion
We demonstrate that even in a seemingly ideal setting, where there is high population density and extensive grid coverage, electrification rates for rural households and businesses remain very low. This pattern holds across time and is observed for both poor and relatively well-off households and businesses. Clearly, under the status quo pricing policies, significant investments in grid infrastructure in Western Kenya have not translated into equally high rates of rural electrification. Our data does however highlight an opportunity that may inform future policies.
Half of the unconnected households in our sample are "under grid," or clustered within 200 meters of a low-voltage line, and could potentially be connected at relatively low marginal cost.
If this pattern were to hold across transformer communities nationwide, then given that over 90% of Kenya's major public facilities (i.e. markets, secondary schools and health clinics) are now electrified, and that these structures are spatially distributed across the country, there is a potential opportunity for millions of new connections. 16 There are at least three ways in which our results could be useful in designing future electrification strategies. First, governments may wish to subsidize mass connection programs.
There may be a natural redistributive motive behind this strategy. The fact that connectivity remains so low in "under grid" Kenyan communities indicates that a $412 connection price is too high for poor, rural households to face alone. Furthermore, each new connection expands the geographic reach of the electricity network bringing more and more structures "under grid." In theory, subsidies can be useful in the presence of these types of externalities. Second, governments may wish to support innovative financing and payment approaches to raising connectivity. The lack of a vibrant credit sector serving poor, rural households in developing countries is well documented (see, e.g., Karlan et al. 2013) . Providing access to credit or financing options could help rural households meet the up-front cost associated with electrification. Third, governments may wish to support group-based subsidies that are tied to the number of applicants. When take-up is higher, it is cheaper for utilities to connect households because transportation costs are lower and it is possible to design lower-cost local distribution networks. This strategy would therefore take advantage of existing infrastructure and economies of scale. Coordinating household connections, however, poses a collective action problem that would need to be solved through government policies such as mass connection programs.
The idea of subsidizing last-mile electricity connections to households is, of course, nothing new.
Between 1935 and 1939 the United States implemented its own rural electrification program, issuing roughly 0.3% of GDP-or $16 billion in chained 2009 dollars-in government subsidized loans for rural electrification. Within two decades the proportion of electrified farms in the U.S. increased from 10% to over 90% (Kitchens and Fishback 2013) . Similarly, the Tennessee Valley Authority Program, which featured major public investments in a series of hydroelectric dams, has been attributed to persistent growth in regional manufacturing (Kline and Moretti 2013) .
Our results highlight an opportunity to greatly reduce energy poverty in Sub-Saharan Africa by targeting last-mile connections in "under grid" communities. In regions that have yet to build out grid or off-grid infrastructure, we highlight the need for forward-looking policies that take into account household and business demand for connectivity, as well as potential economies of scale in costs. In Sub-Saharan Africa, there has been a growing focus on expanding renewable generation capacity. In countries like Kenya, where there is a relatively "green grid," the usual tradeoff between energy access and environmental damage is not as salient. As governments and donors embark on the ambitious task of electrifying hundreds of millions of African households over the coming years, the novel results in this paper call for further research on the demand for and impacts of electrification as well as the potential of various financing mechanisms. Note: Column (1) reports the average electrification rate; (2) reports the total number of observations. (3) and (6) Note: In these maps, the white circle labeled "T" in the center identifies the location of the REA transformer. The larger white outline demarcates the 600-meter radius boundary. Green circles represent unconnected households; purple squares represent unconnected businesses; and blue triangles represent unconnected public facilities. Yellow circles, squares, and triangles indicate households, businesses, and public facilities with visible electricity connections, respectively. Household markers are scaled by household size, with the largest indicating households with more than ten members, and the smallest indicating single-member households. Note: In this figure, we plot locally weighted regressions (bandwidth 5) of the connection status on the distance to the transformer for businesses and households with high and lowquality walls. As in Fig. 2 , high-quality walls are defined as those made of brick, cement, or stone. Low-quality walls are defined as those made of mud, reeds, wood, or iron. The figure illustrates that: (1) electrification rates are correlated with both distance from transformer, and quality of walls, for both businesses and households, and (2) even for the relatively welloff households, connectivity remains low. Note: In this figure, we plot Epanechnikov kernels (bandwidth 12). The horizontal axis represents the distance of the unconnected household or business to the nearest connection point or transformer. The vertical axis scale applies to household density only. The peak density for businesses is 0.016. The figure illustrates that: (1) the mass of unconnected households is within 100 and 200 meters of a low-voltage line, and (2) the mass of unconnected businesses is within 50 meters of a low-voltage line (since businesses tend to be clustered in market centers). Note: In this figure, we plot the cost of supplying a single-phase connection as a function of distance and the number of neighboring households connecting to the same length of lowvoltage line. These neighboring households can be located as far as 30 meters away from either side of the line. Our estimates are based on actual assumptions used by REA for budgetary purposes. The horizontal axis can be interpreted as either the distance to the nearest low-voltage line or the distance to the central transformer. The figure illustrates that the cost per household drops dramatically when multiple structures are connected simultaneously due to the fact that they can share some of the infrastructure.
